HIS STUDY screen the antibacterial and antiviral activities of some bryophytes extracts. The pathogenic bacteria Listeria monocytogenes LMG 10470 (L. monocytogenes), Escherichia coli LMG 8223 (E. coli), Bacillus cereus ATCC 14579 (B. cereus) and Pseudomonas aeruginosa LMG 8029 (P. aeruginosa) were inhibited by the aqueous methanolic extracts (ME) of Imbibryum sp., Barbula convoluta and Trichostomum sp.. The mixture of Imbibryum sp.extract and tetracycline have synergistic effect against P. aeruginosa while the mixing of Trichostomum sp. extract with tetracycline has antagonistic effect against P. aeruginosa.Scanning Electron Microscopy (SEM) of P. aeruginosa, treated with ME of Barbula convolute, Imbibryum sp. and Trichostomum sp.indicated sheath surrounded the bacteria, signs of irregular wrinkled outer surface, adhesion and aggregation of damaged cells, malformations in bacterial shape compared to untreated bacterial control. The bryophyte species screened exhibiting considerable antiviral activity against zucchini yellow mosaic virus (ZYMV), so the bryophytes have been identified as a new source of antiviral activity. The highest degree of antiviral activity was shown ME of Barbula convoluta, Imbibryum sp. and Trichostomum sp.against ZYMV (94, 92 and 90%, respectively). The tested cucumber plants which mechanically infected by ZYMV and treated with different extracts of the most potent bryophytes (Imbibryum sp), contain high amount of phenolic compounds. The highest contents of total phenol are detected in infected cucumber plant, which treated with benzene extract of Imbibryum sp.,(3.48 mg/g fresh wt) followed by methanol extract (3.19 mg/g fresh wt). The bryophytes extracts have no toxic effect in Wistar Albino rats.
Introduction
Bryophytes (mosses) represent the second largest group of green land plants after angiosperms, are taxonomically placed between algae and pteridophytes (Asakawa, 2007 and Tedela et al., 2014) . Bryophytes posses medicinally important bioactive compounds but with little information. Bryophytes used throughout the world as drugs and remedies to cure the various diseases (Bodade et al., 2008 and Sabovljević et al., 2016) .
There are more than 22.000 members of the mosses are existing in the world (Zinsmeister & Mues, 1987) . Although Bryophytes are very familiar, their medicinal importance is not exploited completely. They are used in pharmaceutical products, horticulture and household purposes (Kumar et al., 1999) . Bryophytes treat illness of cardiovascular system, tonsillitis, bronchitis, skin diseases and burns. They also possess anticancer and antimicrobial activity due to their unique chemical constituents (Banerjee & Sen, 1979 and Askawa, 1990) . Plagiochila fasciculate (member of Bryophytes) shows inhibitory effect on virus (Herpes simplex type 1, Polio type 1) and bacteria (Bacillus subtilis, E.coli, Candida albicans and Cladosporium resinae) (Lorimeres & Perry, 1994) . Both acetone and ethanol extracts of the bryophytes inhibited the growth of Escherichia coli, Bacillus cereus, Erwinia chrysanthemi and Pseudomonas aeruginosa on an agar plate (Kandpal et al., 2016) . In fact, Bryophytes have been proven to be apotent, nontoxic and broad spectrum antibacterial substances (Lashin et al., 2015) .
Bryophytes are considered as a "remarkable reservoir" of new, natural products or secondary compounds, many of which have shown interesting biological activity. To date, over several hundred new compounds have been isolated from bryophytes and their structures have been elucidated. Among the flavonoids examined, four flavonols (myricetin, datiscetin, kaempferol and quercetin) and two flavones (flavones and luteolin) exhibited inhibitory activity against methicillinresistant Staphylococcus aureus (MRSA). Seven pure flavonoids were isolated and identified from five moss species (Basile et al., 1999) . All the flavonoids showed good antimicrobial activity against the tested bacteria and the highest activity that of saponarine. Some of these flavonoids were shown to have pronounced antibacterial effects. Biflavonoids in mosses have also been reported as possible agents against microorganisms (LopezSaez, 1996) .
Viruses are unlike any other pathogen. In fact, viruses are very complex chemical molecules which depend entirely on host cell machinery to reproduce (Webster's et al., 1998) . Zucchini Yellow Mosaic Virus (ZYMV) is a Potyvirus with a worldwide distribution (Murphy et al., 1995) . The flexuous filamentous particles, 750 nm long (Lisa et al., 1981) , consists of single-stranded RNA about 9600 nucleotide long (Balint et al., 1990) . Blua & Perring (1989) showed that early ZYMV infection can cause 94% reduction of marketable cantaloupe. Antiviral activity occur in a wider variety of plants including ferns and liverworts, and the more properly byrophyta, pteridophyta and spermatophyta (Desselberger, 1995) . There are no reported cases of viruses capable of infecting bryophytes and thus it seems quite possible that bryophytes contain a chemical defense against viruses. A large majority of the bryophyte species have been identified as exhibiting considerable antiviral activity against PVX, the bryophytes have been identified as a new source of antiviral, are a rich source of secondary metabolites with antimicrobial activities. Recent investigations of antiviral compounds have suggested that bioflavonoid reported in bryophytes cause a powerful inhibition to a broad spectrum of viral pathogen (Hillhouse, 2003) . The secondary metabolites identified from mosses belong to terpenoids, flavonoids and bibenzyls (Asakawa, 1981 and Kothyari, 1997) . Terpenoids, phenolic and volatile constituents have also been investigated in some bryophytes. Many of the terpenoids, flavonoids and alkaloids were described and isolated mainly from liverworts (Saritas et al., 2001 and Chaudhary & Kumar, 2011) . The antibacterial activity of flavonoids has been reported (Singh & Bhat, 2003) . Asakawa (1990 Asakawa ( , 2001 and Asakawa et al. (2000) stated that almost all species of bryophytes are not damaged by insect larvae, fungi, bacteria, slugs, snails and mammals because, biological compounds like oligosaccharides, polysaccharides, sugar alcohols, amino acids, fatty acids, aliphatic compounds, phenyl quinone and aromatic phenolic substances in bryophytes are protected against these organisms. It is well known that plant phenols, particularly the free phenols (whichare toxic substances) play a significant role in controlling pathogenic microorganisms attacking some variety of plants. Unlike situation in the non inducted plants, the plants inducted by either biotic or abiotic inducers contained higher levels of sugars and phenols (Meena et al., 2001 ).
An evaluation of toxic properties of a substance is crucial when considering for public health protection because exposure to chemicals can be hazardous and results to adverse effects on human being. In practice, the evaluation typically includes acute, sub-chronic, chronic, carcinogenic and reproductive effects (Asante-Duah, 2002 ). The long term safety level of a compound can be predicted from acute or shorter than sub acute studies (Ministry of Health and Welfare, 1977) and (Perry, 1971) . The purpose of toxicity testing is to provide adequate database to make decisions concerning the toxicology properties of chemical and commercial products. In some situations, the purpose is to decide whether a material will be safe. Under the conditions of expected use in other situations, the objective is to establish the safe limits in condition of use. Lashin et al., (2015) showed that the aqueous methanolic extracts of Imbibryum sp., is not toxic in male and female Wistar rats, suggesting a safety use by humans.
The present investigation was aimed to study the antibacterial, antiviral, phytochemical and potential toxicity of secondary metabolites of some bryophytes (mosses).
Materials and Methods
Collection of bryophytes and solvent extracts preparation: Eight mosses plants were collected from different habitats during 2013. The specimens were identified according to Lashin (2011 ), Wijk et al. (1992 ), Smith. (1994 and Terry (2007) in Botany Department, Faculty of Science, Zagazig University, Egypt. Solvent extracts preparation were done according to Nikolajeva et al. (2012) with some modification. At first, plants were washed with steriledistilled water then dried, powdered and extracted (10 g/100mL) with different solvents: acetone, ethanol, methanol, benzene and petroleum ether and dried in vacuum till dried (48 h). The aqueous extract obtained were filtered, centrifuged at 3000 rpm for 10 min. then, sterilized aqueous extracts were used.
Tested microorganisms
Four bacterial species were Listeria monocytogen LMG 10470 (L. monocytogenes), Pseudomonas aeruginosa LMG 8029 (P. aeruginosa), Bacillus cereus ATCC 14579 (B. cereus) and Escherichia coli LMG 8223 (E. coli) were from the Microbiology Lab in Faculty of Science Zagazig University. All above bacteria were maintained onto brain heart infusion (BHI) agar medium (Oxoid Ltd, UK).
Screening of antibacterial activity of mosses extracts
Sterilized discs of filter paper (6 mm diameter) were soaked in 1 mL of each extracts of bryophytes, separately, for 2 min and then used for screening. Nutrient agar was used as basal medium. The inoculated plates were incubated at 37°C for 24 h. After incubation, inhibition zone diameters of discs for each treatment were measured to the nearest millimeter (mm) (Saeed et al; . The bryophytes (Barbula convoluta, Imbibryum sp. and Trichostomum sp.) showed the highest inhibition against tested bacteria so they were chosen for further study.
Antibacterial activities of antibiotics, Bryophytesextracts-antibiotics combination and Bryophytes only by disc diffusion assay
Hundred µL of bryophytesextract (Barbula convoluta, Imbibryum sp. and Trichostomum sp.) and the antibiotic were loaded on sterilized discs with different concentration (90% bryophyteextract+ 10% antibiotic, 50% ml bryophyteextract+ 50% ml antibiotic and 10% ml bryophyteextract + 90% ml antibiotic) in petri-dishes with brain heart infusion (BHI) agar medium were prepared. The sterilized filter paper discs were soaked in the above mixture till saturation, then incubate for 24 h. at 37º C.
Scanning electron microscopy (SEM) analysis
SEM was performed according to Benli et al. (2008) with some modification, to further explain the mode of action of the studied mosses on bacterial cell morphology. An aliquot of 0.1 mL of P.aeruginosa culture (the most sensitive) was inoculated into 10 mL nutrient broth and incubated at 37 °C with gentle agitation for 12 h. The cells were collected at 4500xg for 15 min at 4 °C. Cells were washed with PBS three times and resuspended in PBS (pH 7.4) at the same volume. The antimicrobial agents (100 µL) were added to the cell suspension and incubated at 37 °C with gentle agitation for 4 h. The control sample was prepared similarly but without treatments. Bacterial cells were recovered by centrifugation at 4500xg for 15 min at 4 °C, washed with PBS (pH 7.4) and fixed in 2.5% glutaraldehyde in PBS. The fixed bacterial pellet was then dehydrated in graded alcohol series, dried and mounted onto stubs using double sided carbon tape, coated with thin layer of gold. All cell samples were examined in Scanning Electron Microscope (JEOL-SEM, JAPAN).
Antiviral activities of bryophytes extracts:
Zucchini Yellow Mosaic Virus (ZYMV) was prepared from samples previously identified by (Abdel-Shafi, 2005) . The cotyledonary leaves and first leaf of host cucumber plants (Cucumis sativus L.) were dusted with carborundum (600 mesh, prolab), then mechanically inoculated with the virus inoculum by clean finger. The inoculated leaves were washed with distilled water according to Yarwood (1955) . The infected leaves of cucumber (developing mosaic, blistering, malformation after 21 days of inoculation) were frozen in a deep freeze until used.
In vitro studies (aqueous solvents extracts of bryophytes mixed with viral sap)
In this experiment, equal volumes of aqueous solvent extracts of bryophytes and viral sap were mixed together for 30 min. (2 ml of sap containing virus + 2 ml of bryophytes extracts in test tubes) and then inoculated directly. Cotyledonary leaves and first leaf of Cucumis sativus plant were inoculated with 100 µL of the mixture after dusting the leaves with carborundum 66 SEHAM ABDEL-SHAFI et al.
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Vol. 52 (2017) (600 meshes, prolab), then the inoculated leaves were washed with distilled water according to Yarwood (1955 Plants were harvested and then number of leaves, shoot length and fresh weight were determined.
In vivo studies Pre-inoculation experiment (treatment with bryophytes extracts before virus infection):
ZYMV inoculum (100 µL) was inoculated on the treated leaves with bryophytes extracts after 24, 48 and 72 h. The inoculated leaves were then washed with distilled water. Controls include virus infected plants (viral control) and general healthy plants (general control) were done. The number of symptomatic plants were counted after 3 weeks for each time intervals and % of inhibition were calculated. Plants were harvested and then number of leaves, shoot length and fresh weight were determined.
Post-inoculation experiment (treatment with bryophytes extracts after virus infection)
The cotyledonary leaves and first leaf of Cucumis sativus L. plants were inoculated with virus inoculum (100 µL / leaf) after dusting the leaves with carborundum, then the inoculated leaves were washed with distilled water and treated with bryophytes extracts after 24, 48 and 72 h of inoculation. The developing symptoms were recorded after 21 days (20 plants for each treatment) and % of inhibition were calculated. The viral control and healthy control were done. Plants were harvested and then number of leaves, shoot length and fresh weight were determined.
Physiological analysis Estimation of photosynthetic pigments
The mosses photosynthetic pigments (chlorophyll a, chlorophyll b and carotenoids) were determined by using spectrophotometric method described by Metzener et al. (1965) where : E = the optical density. V = the final volume of 85% acetone chlorophyll extract. W = the fresh weight of green leaves of squash plants. (Lallyatt, 1977) Extraction of phenolic compounds One gram of fresh weight of mosses samples were homogenized in 20 mL ethanol (80%) for 10 min. The homogenate was filtered and residue washed with 10 mL ethanol (80%). The filterate was shaken for 10 min with 40 mL petroleum ether (40-60 C) and partitioned by allowing standing for 10 min. The alcoholic phase was removed and shaken 3 times more with petroleum ether. Then were collected and dried down and dissolved in 5 mL distilled water.
Estimation of phenolic compounds

Determination of phenolic compounds
Free bound and total phenols were determined spectrophotometrically at 520 nm, using Folin method as described by Snell & Snell (1953) . Phenolic compounds were determined as mg/g fresh weight based on a standard curve for pyrogallol. The difference between the total phenols and free phenols is the value of bound (conjugated) phenols.
AN EVALUATION OF THE ANTIBACTERIAL AND ANTIVIRAL ACTIVITIES...
Estimation of total nitrogen and crude protein contents
The total nitrogen and crude protein contents were estimated by the micro-Kjeldahl method according to Allen (1953) .
2) Digestive mixture (Cole & Parkers, 1946) . It consists of potassium sulphate: copper sulphate: selenium dioxide at a ratio by weight (10:1:0.5, respectively). 3) Mixed indicator: 8 mL of bromocresol green (0.1 w/v) in 95% ethyl alcohol and 1 mL of methyl red (0.1 w/v). 4) Sodium hydroxide 50 % (w/v). 5) Boric acid 4 % (w/v).
Procedures
Fresh weight of different plant samples (0.5 g) was transferred to 50 ml Kjeldahl flask and mixed with 2 mL sulfuric acid and 0.5 g of digestive mixture. The samples were digested until the formation of clear liquid free from black residues. The digested samples were left to cool and each sample was completed to 20 ml by distilled water, and then transferred to the distillation apparatus. 10 ml of sodium hydroxide (50 % w/v) were added via the stopped funnel. Produced ammonia was captured in 10 mL of 4 % (w/v) boric acid and mixed indicator till final volume of 50 mL. Titration was carried out by 1/70 N hydrochloric acid and the total nitrogen was calculated as mg/g dry weight.
The crude protein content was estimated by multiplying the total nitrogen content by a constant factor of 6.25 (Hojjati, 1976) :
Absence of toxicity of bryophytes extract (Barbula convoluta, Imbibryum sp. and Trichostomum sp.) in Wistar albino rats Animals Healthy male and female white albino rats (Rattus norvegicus. Bork), Wistar strain (135 ± 10 g, body weight for female and 155 ± 15 g, body weight for male ) were obtained from Organization of Biological Products & Vaccine (Helwan Farm, Cairo, Egypt) and housed in plastic cages in groups of 5 animals / cage. The experimental animals were allowed to acclimatize under the laboratory conditions (temperature of 25 ± 5 ˚C; relative humidity 50 -70 % and normal light/dark cycle) for 2 weeks prior the experiment. They were provided with balanced pelleted diet (23 % protein) and tap water ad libitum throughout the adaptation and experimental period.
Experimental design
Experiment design included two phases: -The first phase was to determine the acute oral medium lethal doses (LD50).
-The second phase was to assess the sub-acute toxicity of tested bryophytes.
Hematological analysis
Hematological analysis including white blood cell (WBC), red blood cell (RBC), platelet counts (PLT), hemoglobin concentration (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC) and lymphocyte (LYM) estimation were carried out using the SYSMEX hematology auto analyzer (Japan).
Histo-pathological examination
The organs of randomly selected three rats from each group were subjected to histopathological examination. Vital organs such as kidney and liver were excised, examined grossly and subsequently fixed in 15 % formalin saline. The fixed tissues were processed by dehydration in a series of graded ethanol concentrations, cleared with xylol and embedded in paraffin blocks. Sections of 4 µ thickness were obtained and stained by Hematoxilen -Eosin stain (H & E) for the histo-pathological analysis under light microscope (model OLYMPUS CX 41) at 1200 x magnification (Humason, 1979) .
Statistical analysis
Data of the all trial alone were statistically analyzed using the General Linear Model Program of SAS (1996) . Differences among means were tested by Duncan's multiple range test (Duncan, 1955) .
Results and Discussion:
Control of bacterial and viral diseases is difficult through preventive or curative measures. More efforts have been directed towards a more durable and economical solution by new strategies. It was found that the biological control is the best mean that replace the chemical control (Kozo et 
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Vol. 52 (2017) al., 1998). Moreover, it is important to find safe and cheap effective antimicrobial agents to inhibit virus and pathogenic bacteria. The bryophytes produce a great number of secondary metabolites, including terpenoids and polyphenolic compounds or nitrogen containing compounds many of which show interesting biological activity such as cytotoxicity, antiviral activity and antibacterial activity. (Asakawa et al., 2013 and Kandpal et al., 2016) .
Identification of Bryophytes:
The current work was designed to isolate and identify eightmosses taxa which described in details according to gametophyte and sporophyte. All identified taxa have only gametophyte stage except Funaria hygrometrica has gametophyte carrying sporophyte according to Lashin (1990) , Wijk et al. (1992) , Smith (1994) , Terry (2007) and Lashin (2011) . The studied taxa were photographed and illustrated in Fig.1 (Plate 1-8) and Fig. 2 .
Classification of studied mosses according to (Flowers, 1973) Division: Bryophyta Class: Bryopsida Order: Bryales 
Plant description Fissidens sp.
Plants green to reddish brown. Leaf lamina cells iso diametric, quadrate, hexagonal to rounded, smooth, bulging, uni papillose to pluri papillose with simple, bifid, or c-shaped papillae; basal cells rectangular, smooth, bulging or uni papillose, some times hyaline and basal marginal cells extends up ward (Plate 1).
Trichostomum sp.
Plants female, green to dark green, large up to 1.6 cm high, stem branched or unbranched. Leaves lanceolate, apex acute, costa short excurrent, upper lamina cells quadrate, lower lamina cells rectangular, cells strongly papillose in mid leaf cross section (Plate 2).
Didymodon sp.
Plants female, green to olive green above, yellowish brown to reddish brown below, medium up to 0.6 cm, large up to 1 cm high, stem branched, semi rounded or angular in cross section. Leaves elongated triangular, apex a cute to obtuse, costa ending below apex by 2-5 cells (Plate 3).
Barbula sp.
Plants sterile, yellowish green to olive green, large up to 1 cm high. Stem usually un branched.
Leaves apex acute, margins slightly re curved, costa per current, stem semi circular in cross section (Plate 4).
Barbula convolute
Plants female, yellowish green, large up to 1.3 cm high, stem branched or un branched. Leaves broadly lanceolate, apex broadly acute or obtuse, costa ending below apex by (1-4) cells, upper lamina cells elongated (Plate 5).
Funaria hygrometrica
Plants female, yellowish green, medium up to 0.7 cm high, stem branched or un branched. Leaves ovate to lanceolate, costa ending below apex by (2-3) cells, margin toothed, upper lamina cells circular, lower lamina cells elongated (Plate 6).
Imbibryum sp.
Plants female, green to yellowish green, medium up to 0.7 cm high, stem branched or un branched. Leaves ovate to elongate, costa short ex current, lamina cells rhomboidal (Plate 7).
Splachnobryumobtusum (Brid.)
Plants female, yellowish green to dark green, medium up to 0.6 cm high, stem un branched, leaves ovate, apex obtuse, margins re curved, costa ending by (1-4) cells below apex, cells rhomboidal (Plate 8). Plate 1: Fissidens sp., A: (leaf (x40), B: leaf apex (x400),C : leaf base (x400).
Plate 2: Trichostomum sp., A: (leaf (x40), B: leaf apex (x100),C : leaf base (x100).
Plate 3: Didymodon sp., A: (leaf (x40), B: leaf apex (x100),C : leaf base (x100).
Plate 4: Barbula sp., A: (leaf (x40), B: leaf apex (x100),C : leaf base (x100).
Plate 5: Barbula convoluta, A: (leaf (x40), B: leaf apex (x100),C: leaf base (x100).
Plate 6 Funaria hygrometrica, A: (leaf (x64), B: leaf apex (x160),C : leaf base (x160).
Plate 7: Imbibryum sp., A: (leaf (x100), B: leaf apex (x400), C : leaf base (x400).
Plate 8: Splachnobryum obtusum, A: (leaf (x64), B: leaf apex (x640),C : leaf base (x640). 
I III II
Imbibryum sp.
Barbula convoluta Trichostomum sp.,
An evaluation of the antibacterial activities of the mixture of bryophytesextract and antibiotics
The methanolic extracts of Imbibryum sp. Trichostomum sp. and Barbula convolute were highly inhebited the pathogenic bacteria (E. coli, B. cereus, L. monocytogenes and P. aeruginosa), ( Table  1 ). The mixture of Imbibryum sp. with tetracycline has inhibitory effect on P. aeruginosa as sensitive indicator bacteria (Table 2 and Fig. 3) . The results showed that synergistic effect where with increasing the Imbibryum sp. concentration the inhibition zone diameter increase. However, the mixture of Trichostomum sp. with tetracycline has antagonistic effect on P. aeruginosa as sensitive indicator bacteria (Table 3 and Fig. 4) . The results showed that with increasing the Trichostomum sp. concentration the inhibition zone diameter decrease. In this study The highest degree of antibacterial activity shown by the aqueous methanolic extracts of Imbibryum sp., Barbula convoluta and Trichostomum sp., against P. aeruginosa (the most sensitive bacteria for tested mosses).Generally bryophytes are known to possess extremely high amounts of terpenoids, phenolic (flavonoids and bi benzyl derivatives), glycosides, fatty acids and also some rare aromatic compounds. This result agree with that obtained by Elibol et al. (2011) who indicated that ethanolic and methanolic extracts of some mosses had inhibition effect against E. coli. and Salmonella while acetone extract was inactive against the tested bacteria. The results obtained showed that Imbibryum sp. extracts inhibited all tested bacteria and the most sensitive one was P. aeruginosa (40 mm inhibition zone). The present study revealed that the antibacterial activity of mosses extracts against Gram positive bacteria as well as Gram negative bacteria. This makes the advantages of selected Bryophytes as a wide range natural antimicrobial agent.This results agree with that obtained by Bodade et al. (2008) . The antibacterial activity of mosses (Imbibryum sp., Barbula convoluta and Trichostomum sp.) could be due to some bioactive materials in these plants such as terpenoids, flavonoids and Saponines. This agree with Elibol et al. (2011) .
Antimicrobial activity is related to the specific chemical composition, structural configuration of compounds, functional groups, as well as potential synergistic or antagonistic interactions between compounds. To date, over several hundred new compounds have been isolated from bryophytes and their structures have been elucidated. The biological characteristics of the terpenoids and aromatic compounds isolated from liverworts show antibacterial and antifungal activity, cytotoxic activity, anti HIV, insect anti feedant activity, and superoxide anion radical release activity (Asakawa, 2008 and Tedela et al., 2014) . Seven pure flavonoids were isolated and identified from five moss species (Basile et al., 1999) . All the flavonoids showed good antimicrobial activity against the tested bacteria Biflavonoids in mosses have also been reported as possible agents against microorganisms (LopezSaez, 1996) .
Scanning electron microscopy (SEM) examination
SEM examination was used to show the changes of an overnight culture of P. aeruginosa, induced by the treatment with Imbibryum sp., Trichostomum sp. and Barbula convoluta for 4 h at room temperature (Fig. 5) . Control bacterial cells (without any treatment) were morphologically regular, intact and typical. However, treated bacterial cells showed presence of outer sheath, signs of irregularity, wrinkled outer surface, fragmentation, and adhesion of damage cells and presence of outer sheath. There were different effects of each tested bryophytes against bacteria. Barbula convoluta showed strongly inhibition and male formation against (E.coli, P. aeruginosa, B. cereus and L. monocytogenes). These malformation in bacterial morphology were similar to that obtained by penicillin antibiotic (Sitohy et al., 2012) . The previous reports referred to the rapid action of natural antimicrobial agents (Yount & Yeaman, 2005) . Until our knowledge this is the first time of studying the effect of mosses on pathogenic bacteria under electron microscope. Healthy cucumber leaves. 
I III II
Antiviral activities of bryophytes extracts
The virus was then propagated and maintained in Cucumis sativus plants. The virus showed symptoms like green blisters, leaf roll and mosaic ( 
In vitro screening of the antiphytoviral activities of bryophytes extracts
The aqueous ethanol, methanol, benzene, petroleum ether and acetone extracts of eight mosses were screened for their antiviral activities against ZYMV (Table 4 ). The methanolic extracts of , Barbula convoluta, Imbibryum sp., and Trichostomum sp. showed the highest inhibition of ZYMV (94, 92 and 90 respectively) (Table 4) .Therefore, they were chosen for further study. The morphological criteria of treated cucumber plants with bryophytes extractswere represented in Table  5 ), increase the cucumber growth.The obtained data revealed that foliar application of bryophytes extracts increase the growth of the plants more than the viral control and inhibit the viral symptoms (Fig. 6) . All extracts showed increase in shoot length and fresh weight at all time intervals compared to viral control. 
In vivo experiments Pre-inoculation experiment (bryophytes extracts treatment before virus infection)
Data in Table 6 showed that application of different bryophytes extracts before ZYMV infection led to variable inhibition ratios against the viral infectivity. The % of viral inhibition varied according to the bryophytes extracts and the time of application, where the highly inhibition rate was recorded after one day and the most potent solvent was aqueous methanolic extract of Barbula convoluta, Imbibryum sp. and Trichostomum sp. (Where they inhibited ZYMV symptoms by 87, 85 and 78, respectively). Morphological criteria of cucumber plants used in the pre-inoculated experiment were showed in Table 7 which revealed that the application of bryophytes extracts increase the growth of the plant (i.e. increase number of leaves, shoot length and fresh weight) more than the viral control.
Post-inoculation experiment (bryophytes extracts treatment after virus infection)
Data in Table 6 showed that application of different bryophytes extracts after ZYMV infection led to inhibition in the viral infectivity.
Morphological criteria of plants subjected to post inoculation treatment were represented in Table 7 . Generally, the obtained data revealed that foliar application of bryophytes extracts increase the growth of the plants more than the viral control.
Plant viruses are responsible for causing significant losses to the agricultural industry. The viruses are reported as being the second most damaging plant pathogen (Matthews,1992 ). The present study shows that the eight tested bryophytes are a potent inhibitor of ZYMV infection in vitro treatment. Results revealed that infection of cucumber plants with ZYMV caused symptoms mosaic, green blisters, maleformation, crinkle and leaf roll. These results are in according with that obtained by Al-Shahawan et al. (1995) , Abdel-Shafi & Hussein (2012) , Abdel-Shafi (2013) and Abdel-Shafi et al. (2013) . Also, Tokuda et al. (1981) reported that some of the most affected crops by viral infection include potato, cucumber, tobacco, melons, strawberry, cabbage and radish. There is great demand for methods to reduce the damage caused by viruses and controlling viral diseases. The results illustrated in Table 4 showed that the aqueous ethanol, methanol, benzene, petroleum ether and acetone extracts of eight mosses when mixed with the viral sap in equal volumes inhibited the viral symptoms compared to viral control. These results are in harmony with those Hillhouse (2003) who found that a large majority of the bryophytes species exhibiting considerable antiviral activity against PVX and as a result, the bryophytes have been identified as a new source of antiviral activity. The bryophytes were selected for this study because it was thought that the flavonoid and triterpenes contents might confer antiviral activity. The most potent bryophytes showed high antiviral activity in the initial screening were (Imbibryum sp., Barbula convoluta and Trichostomum sp.). Foliar application of the three bryophytes were tested against ZYMV before and after inoculation at different time intervals. The results of pre-inoculation experiments showed that application of bryophytes before ZYMV infection not only inhibit the virus but also increase the plant growth as compared with viral control. These results corroborated the findings of Asakawa et al. (2013) who reported that bryophytes show antiviral, plant growth regulatory and super oxide anion radical release.
Post-inoculation
The resultsin Table 6 also revealed that the application of bryophytes extract after mechanically inoculation of ZYMV at different time intervals inhibit the virus and increase the plant growth compared to viral control. Asakawa et al., (2013) showed that over several hundred new compounds have been isolated from the bryophytes and more than 40 new carbon skeletal terpenoids and aromatic compounds found in this class. Many of these compounds show antimicrobial, antifungal, antiviral, cytotoxic and anti-HIV. Until our knowledge this is the first time of studying the bryophytes to inhibit ZYMV.
Multiplication of virus particles in the infected plant cells alters primary and secondary biochemical compounds of cells such as chlorophyll, β-carotene, organic carbon, nitrogen, protein, phosphorus proteins, phenolic compounds and nucleic acids. External manifestations of disease symptoms are the results of altered host metabolism. The extent of crop loss is mainly associated with severity of visible symptoms (Chakraborty, 1993 and Charitha & Radha (2012) . Lashin et al. (2015) reported that mosses plants contained numbers of secondary metabolites (flavonoids, tri terpens, tannins and saponines) in addition to carbohydrates and proteins. Asakawa (2008) reported that the bryophytes have biological activities due to previous compounds.
The present study showed that cucumber plants infected with ZYMV and treated with different mosses extracts contained photosynthetic pigments including chlorophyll (a and b) and carotenoids (Table 8 ). The highest contents of total photosynthetic pigments were detected in 78 SEHAM ABDEL-SHAFI et al. Egypt. J. Microbiol Vol. 52 (2017) infected cucumber plants which treated with methanol extracts of Imbibryum sp. while the lowest contents were detected in viral control plants. Actually decrease in photosynthetic rate of the infected leaves is often associated with development of the symptoms (Platt et al., 1979) . Under greenhouse conditions the symptoms could be more clear and restricted. It should be independent of the virus and should reflect the host genetics. Virus replication in the infected plant cells exhibit some physiological and cytological changes such as chlorophyll, carotene, organic carbon, nitrogen, protein and phosphorus due to virus infection (Muqit et al., 2007) . Various metabolites of host tissue were altered due to viral infection (Clover et al., 1999 and Hemida, 2002) . 
Physiological analysis Photosynthetic pigments of bryophytes extracts and cucumber plants
The chlorophyll a, chlorophyll b and carotenoids, flavonoid, tannins, triterpenes, saponins and proteins of bryophytes Imbibryum sp., Trichostomum sp. and Barbula convoluta were shown (Lashin et al., 2015) . The highest contents of total pigment and total phenols are detected in Imbibryum sp. Therefore, different solvent extracts of Imbibryum sp. were screened for antiviral activities. this results similar to that obtained by Wang et al. (2017) .
The chlorophyll a, chlorophyll b and carotenoids of cucumber plants which infected by ZYMV and treated with different extracts of bryophyte contain was showing in Table 8 . The highest contents of total pigment are detected in detected in cucumber plant which treated with methanol extract (1.109 mg/g fresh weight respectively) while the lowest contents of total pigment are detected in infected cucumber plant (0.435 mg/g fresh weight, viral infected cucumber plant).
Phenolic compounds of bryophytes extracts and cucumber plants
The tested mosses (Imbibryum sp., Trichostomum sp. and Barbula convoluta) contain number of phenolic compounds (e.g Flavinoids) including free and bound phenols (Lashin et al., 2015) . The highest contents of free and bound phenols are detected in Imbibryum sp. (10.46 and 1.638 mg/g fresh weight for free phenols and bound phenols respectively).
The tested cucumber plants which infected by ZYMV and treated with different extracts of Imbibryum sp. contain a number of phenolic compounds including free and bound phenols as showing in Table 9 . The highest contents of total phenols are detected in infected cucumber plant which treated with benzene extract (3.48 mg/g fresh weight) followed with methanol extract (3.19 mg/g fresh weight).
Total nitrogen and crude protein of cucumber plants
The total nitrogen and crude protein content of the tested cucumber plants which infected by ZYMV and treated with different extracts of Imbibryum sp. as showing in Table 10 . The highest contents of crude protein and total nitrogen are detected in cucumber plant which treated with acetone ( 28.66 and 4.59 mg/g dry wt., respectively) while the lowest contents of crude protein and total nitrogen are detected in healthy cucumber plant (23.88 and 3.82, mg / g dry wt., respectively).
AN EVALUATION OF THE ANTIBACTERIAL AND ANTIVIRAL ACTIVITIES... The data are the means of three replicates ±SE.
The result presented in this work showed that cucumber plants infected with ZYMV and treated with different mosses extracts contained number of phenolic compounds including free and bound phenols. These results were in agreement with Kofalvi & Nassuth (1995) , who reported a significant increase in phenols accumulation in wheat plants infected with the wheat streak mosaic potyvirus (WSMV) compared to the healthy controls. Phenolic compounds produced by plants are formed through phenyl propanoid metabolism. However, since free phenols can be cytotoxic in the cytoplasm, plants sequester these compounds in the vacuole or deposit them in or on the cell wall. Once the phenolic acids or cinnamyl alcohols reach the cell wall, they may be either esterified or linked to the cell wall polysaccharides or hemicelluloses, or be polymerized into lignin (Lam et al., 1992) .
The accumulation of the phenolic compounds and their derivatives may be considered as a defense mechanism or as a hypersensitive reaction. The disease resistance response correlates with changes in cell biochemistry and physiology (Mohamed, 2008) . Many studies showed that induced resistance through the accumulation of various phenolic compounds and activation of oxidative and key enzymes in phenyl propanoid and iso flavonoid pathways (Arfaoui et al., 2006) . These results could give an explanation for the increase in phenolic compounds.
The result showed that cucumber plants infected with ZYMV and those treated with mosses extracts show high content of total nitrogen and crude protein as compared to healthy plants (Table 10) . This result agreed with that obtained by Cheema et al. (2003) , who showed that protein content in two soybean varieties increased with infection with soybean yellow mosaic virus. Rao et al. (1989) concluded that the increased protein content in virus infected plants was due to increased activity of RNA synthetase or RNA polymerase. The treated plants also show high protein content compared to viral control. This may be due to the formation of new antiviral protein. This agrees with that obtained by Abdel-Shafi (2005 and 2013) . Absence of toxicity of bryophytes (Barbula convoluta, Imbibryum sp. and Trichostomum sp.) in Wistar albino rats
Hematology parameters
The hematological profiles of the treated and control are represented in Table 11 . All values were in the range of normal. In this study these extracts of three mosses species were tested also for their acute and sub-acute oral toxicity in Wistar albino rats. The results showed that acute or sub-acute administration of bryophytes extracts is not toxic in male and female Wistar rats, suggesting a safety use by humans. The results found that administration of bryophytes extracts via the oral route up to a dose of 5000 mg/kg did not produce any mortality or alter behavioral patterns in the rats as compared to the control group. Weight gains in the treated male rats was not different from the control groups. According to the OECD guidelines (OECD, 2001a) for the testing of chemicals, the results of this acute toxicity study indicate that bryophytes extracts are fairly nontoxic. The LD 50 of bryophytes extracts could not be calculated but it was assumed to be more than 5,000 mg/kg body weight/day. Substances with an LD50 between 5,000 and 15,000 mg/kg body weight/day are regarded as practically non-toxic (Loomis and Hayes, 1996) . AN EVALUATION OF THE ANTIBACTERIAL AND ANTIVIRAL ACTIVITIES... The rats' relative internal organ weights were not altered by the bryophytes extracts (Fig. 7, 8  and 9 ). Furthermore, gross examination of the internal organs of all rats revealed no detectable abnormalities. In addition, the bryophytes extracts did not induce any damage to the internal organs as examined by blood parameters. Repeated administration of two doses (200 and 500 mg/kg body weight/day) for 28 days did not also produce evident signs of toxicity or pathogenicity on the body or organ weights indicating the absence of any specific organ toxicity since changes in body or organ weights are taken as indicators of toxicity (Andersen et al., 1999) . Normal changes in body weight are considered to be indicators of food safety or lack of toxicity (Morita et al., 2011) .
Fig. 7:
Representative microscopic findings in the liver and kidney of treated orally with Imbibryum sp. extracts for sub-acute toxicity (28 day).
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Conclusion
The highest degree of antibacterial and antiviral activities was shown by the aqueous methanolic extracts of bryophytes: Imbibryum sp., Barbula convoluta and Trichostomum sp., where such extract were found to contained a high percentage of active secondary metabolites as phenolic compounds with enhancement of growth of infected cucumber plants. Hence, the bryophytes have been identified as a new source of antibacterial and antiviral activities.
